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ABSTRACT
The construction of the Cosmicflows-2 compendium of distances involves the merging of distance
measures contributed by the following methods: (Cepheid) Period-Luminosity, Tip of the Red Giant
Branch (TRGB), Surface Brightness Fluctuation (SBF), Luminosity-Linewidth (TF), Fundamental
Plane (FP), and Type Ia supernova (SNIa). The method involving SNIa is at the top of an intercon-
nected ladder, providing accurate distances to well beyond the expected range of distortions to Hubble
flow from peculiar motions. In this paper, the SNIa scale is anchored by 36 TF spirals with Cepheid
or TRGB distances, 56 SNIa hosts with TF distances, and 61 groups or clusters hosting SNIa with
Cepheid, SBF, TF, or FP distances. With the SNIa scale zero point set, a value of the Hubble Constant
is evaluated over a range of redshifts 0.03 < z < 0.5, assuming a cosmological model with Ωm = 0.27
and ΩΛ = 0.73. The value determined for the Hubble Constant is H0 = 75.9± 3.8 km s−1 Mpc−1.
1. INTRODUCTION
The light curves of Type Ia supernovae (SNIa) can
be interpreted to give remarkably accurate distances to
galaxies out to redshifts of order unity (Riess et al. 1998;
Perlmutter et al. 1999). The useful reach of SNIa extends
well beyond the domain of suspected velocity perturba-
tions to the cosmic expansion so provides the best means
currently available for the determination of the Hubble
Constant. However the zero point scale of the SNIa dis-
tance measurements must be established through com-
parisons with alternative methods and the number of lo-
cal SNIa that have been observed in sufficient detail is
still small. Riess et al. (2009, 2011) have undertaken the
most substantial effort to date to provide the required
calibration. The current study was motivated by the op-
portunity to significantly enlarge the calibration sample.
This project is coupled with a program that com-
bines new observations and archival retrieval in the con-
struction of a compendium of galaxy distances that we
are calling Cosmicflows-2. A core element of the com-
pendium is distances derived from the correlation be-
tween galaxy luminosities and rotation rates (Tully &
Fisher 1977). A new calibration of this so-called TF
method has recently been published (Tully & Courtois
2012). We have been engaged in optical photometry and
radio HI observations of several samples (Courtois et al.
2011a,b), among them a sample of galaxies within 10,000
km/s that have hosted well observed SNIa.
Distances from the TF method determined within
our program provide an anchor but the assembly of
the Cosmicflows-2 database provides more extensive re-
sources. A very important component from the literature
derives from the same methodology but uses independent
analysis procedures; the large compilation of distances
identified by the project name ‘SFI++’ (Springob et al.
2007). Another important component is based on the
Fundamental Plane methodology and here we draw on
results from three groups identified by the team names
‘SMAC’, ‘EFAR’, and ‘ENEAR’ (Hudson et al. 2001;
Colless et al. 2001; Bernardi et al. 2002b).
Distance measures based on the TF and FP methods
are plentiful but individually uncertain. The situation
is improved by averaging estimates for all galaxies in a
common group. In several groups or clusters, more than
one SNIa has been usefully recorded. There are instances
where we do not have an alternative distance estimate
to the host galaxy of a SNIa event but we do have an
alternative distance estimate to the host group.
If we are going to establish a zero-point scale for the
SNIa methodology then we want to have a coherent as-
sembly of supernovae from nearby to far away. We draw
upon the UNION2 compilation (Amanullah et al. 2010).
Four local compilations based on alternative analysis
variations provide checks (Prieto et al. 2006; Jha et al.
2007; Hicken et al. 2009; Folatelli et al. 2010).
We begin with an assembly of a catalog of SNIa with a
common set of relative distance measures. We then give
a description of our observational program and provide
a preliminary calibration of the SNIa scale with our data
alone. Then there is a section that describes the inte-
gration of literature contributions and the correlation of
galaxies with groups. In the following section we are able
to generate our best calibration of the SNIa scale.
2. A SNIA SAMPLE
If there is a scale that achieves a ‘fair sample’ represen-
tation of the mean properties of the universe, distances
independent of redshift on that scale are surely - and at
this time uniquely - probed by SNIa. We begin this study
by accumulating a large body of SNIa distance estimates
on a consistent relative scale, ranging from the nearest
known SNIa to those that probe cosmological curvature
at z ∼ 1. Our goal is to refine the absolute scale through
overlaps with other distance measurement methodologies
2TABLE 1
Comparisons to Bring Alternate SNIa Sources to UNION2
Scale
Source # RMS Offset St.Dv. Reject
Prieto et al. 2006 79 0.16 0.712 0.018 1
Jha et al. 2007 91 0.17 0.933 0.018 4
Hicken et al. 2009 160 0.07 0.895 0.006
Folatelli et al. 2010 12 0.05 0.637 0.013 1
Note. — Offset required to take source modulus µsource to
UNION2 scale, r.m.s. scatter in source-UNION2 comparison, and
standard deviation are in units of magnitude. µunion2 = µsource−
offset
so we give particular attention to achieving good cover-
age locally.
We have no expertise with SNIa technology so we
accept measurements from the literature and limit our
attention to assuring that information from alternative
sources are on a consistent scale and, through inter-
comparisons, weed out a very small number of inconsis-
tent measures. The SNIa compilation UNION2 (Aman-
ullah et al. 2010) provides a useful reference standard
because it is very large and spans the full range of ob-
served redshifts. The distance moduli from this refer-
ence are nominally consistent with a value of the Hub-
ble Constant H0 = 100 km s
−1 Mpc−1 and the cosmo-
logical mass-energy density parameters Ωm = 0.27 and
ΩΛ = 0.73. We have confirmed that these mass-energy
density parameters give a good fit decoupled from mod-
est modifications to the specification of H0.
There have been a significant number of local SNIa
events that are not included in the UNION2 compilation
but have received attention by others. We give consider-
ation to four other sources (Prieto et al. 2006; Jha et al.
2007; Hicken et al. 2009; Folatelli et al. 2010) for SNIa
within z = 0.1. There are large overlaps that permit
each of the alternative sources to be transformed to the
UNION2 scale with excellent precision. Variations on
the most popular supernova light curve fitters are repre-
sented. In the case of Hicken et al. four fitting procedures
are compared and we take distance measures from this
reference based on the SALT2 analysis where available
(appreciating that we are concerned with SNIa at low z,
mitigating issues that arise at high z) and supplement
with a few additional cases from the MLCS17 analysis.
The data that we have gathered on nearby SNIa from the
five sources are made available on-line in a way that can
be easily compared at EDD, the Extragalactic Distance
Database1.
Table 1 records the details of correlations between
UNION2 and the four additional literature sources. At
worst, rms scatter is ∼ 0.2 mag and at best it is 0.05
mag. Of course, different observers are looking at the
same supernovae and most often the same light curve
information but with separate analysis procedures. The
good news for our purposes is that we can reliably com-
bine the alternative sources into a single consistent cata-
log of distances. Figure 1 shows the Hubble diagram for
the full sample with the UNION2 compilation extending
to z ∼ 1 and the combination of five sources contributing
1 http://edd.ifa.hawaii.edu
Fig. 1.— Hubble diagram with the UNION2 sample (black cir-
cles) shown over its full redshift-distance modulus range and the
average of 5 sources (red stars) shown over the range extending to
z = 0.1. The solid line gives the UNION2 preferred cosmological
fit.
318 SNIa within the domain z < 0.1.
3. PRELIMINARY SNIA ZERO POINT
CALIBRATION
SNIa occur in all types of galaxies including normal
spirals that are good targets for distance measurements
based on the correlation between luminosity and rotation
rate, the TF method. We initiated a program to collect
I band photometry (Courtois et al. 2011a) and radio HI
profile information (Courtois et al. 2009, 2011b) for spi-
ral galaxies that have hosted SNIa drawn from the lists
of Tonry et al. (2003) and Jha et al. (2007). Some more
recent supernovae have occurred in galaxies that by good
fortune are found in our expanding compendium of pho-
tometry and HI spectroscopy (see EDD). Concurrently,
we have completed a re-calibration of the TF correlation
(Tully & Courtois 2012) that involves a revised proce-
dure for handling digital HI profiles and is based on a 13
cluster slope template and a 36 galaxy zero point calibra-
tion specified by Cepheid Period-Luminosity (Freedman
et al. 2001) and Tip of the Red Giant Branch (Rizzi et al.
2007) distance measures.
Presently we have TF distances for 56 galaxies that
have hosted well observed SNIa. These galaxies are iden-
tified and information about the distance estimates are
given in Table 2. A comparison of TF and SNIa distance
is shown in Figure 2.
We are surprised by two aspects of this comparison.
First, the scatter, at ±0.54 mag rms, is larger than an-
ticipated by the fiducial expectation of TF scatter ∼ 0.4
and SNIa scatter ∼ 0.2. What is seen in the lower panel
of Fig. 2 does not resolve the issue. Restricting atten-
tion to velocities larger than 4000 km s−1 to minimize
influence of peculiar velocities, the scatter found in the
Hubble parameter − velocity/distance − are consistent
3Fig. 2.— Top: Correlation between SNIa and TF distance mod-
uli with an assumed slope of unity. The TF scale is established by
36 galaxies with Cepheid or TRGB distances and the SNIa scale
is based on systemic velocities and an assumed H0 = 100. From
the displacement of 0.50 mag, a preliminary rescaling of SNIa dis-
tances suggests H0 = 79 km s−1 Mpc−1. The 5 cases identified
by red circles are among the 8 galaxies in the Cepheid calibra-
tion sample of Riess et al. (2011) and the two cases identified by
blue circles correspond to additional galaxies with Cepheid dis-
tance measures. Error bars assume uncertainties of 0.4 mag in TF
moduli and 0.2 mag in SNIa moduli. Bottom: Hubble parameter
(velocity/distance) for the same sample of 36 galaxies, with dis-
tances from SNIa used in the upper panel and TF distances used
in the lower panel. The mean values of the Hubble parameter for
VCMB > 4000 km s
−1 of 95 and 76 km s−1 Mpc−1 respectively
and the 2σ scatter range are indicated by horizontal lines. One
discordant point given an open symbol is rejected from the fits.
with expectations from the SNIa and TF measures re-
spectively. A scatter of ∼ 0.45 mag would be anticipated
in the upper panel. Second, taken from this SNIa sample
alone and accepting the nominal UNION2 zero point as a
valid fit, it would be inferred that H0 = 79 km s
−1 Mpc−1
which is higher than most modern estimates. However
the UNION2 zero point set at H0 = 100 is nominal and
we will see that it is best fit by a slightly lower value.
4. ALTERNATIVE DISTANCES AND GROUP
AVERAGING
The comparison against the SNIa scale in the last sec-
tion involved only our own measurements but the com-
parison can be broadened considerably by involving dis-
tance estimates from other sources. In addition, the link-
age of SNIa events with galaxy groups allows, first, for
an averaging of distance and velocity parameters over
multiple measures and, second, for an extension of com-
parisons beyond the specific galaxy that hosted the SNIa.
In a few very nearby cases there are high precision dis-
tance determinations. Our fundamental zero-point is es-
tablished in concordance with the HST Key Project scale
assuming a modulus of 18.5 for the Large Magellanic
Cloud (Freedman et al. 2001). There are direct Cepheid
measurements for 12 SNIa hosts, including 8 used by
Riess et al. (2011) in their determination of the SNIa dis-
tance scale zero point. These and other Cepheid observa-
tions provide distances to the Virgo, Fornax, and Centau-
rus clusters. The Surface Brightness Fluctuation (SBF)
method provides alternative precision distances on the
same scale to the Virgo and Fornax clusters (Blakeslee
et al. 2009) and to a dozen smaller groups or clusters
(Tonry et al. 2001; Blakeslee et al. 2010).
Next, we consider measures that are individually less
precise but are numerous and effective over a wide range
of redshifts. One particularly important source to con-
sider uses the same TF methodology discussed in the
previous section: the extended field spiral sample with I
band photometry (SFI++) discussed by Springob et al.
(2007), a collection and extension of results from the Cor-
nell group (Giovanelli et al. 1997; Dale et al. 1999; Mas-
ters et al. 2006; Catinella et al. 2007). Then extending
to a separate methodology, we give attention to three
sources that independently work with the Fundamental
Plane (FP) relationship. The three contributing teams
describe themselves with the acronyms EFAR (Colless
et al. 2001), SMAC (Hudson et al. 2001), and ENEAR
(Bernardi et al. 2002a,b).
Attention is first given to the integration of the three
FP samples. There is essentially no overlap between
EFAR and ENEAR samples but both have considerable
overlap with SMAC. Blakeslee et al. (2001) established a
zero point link between SBF and SMAC measurements.
For these reasons we begin by using SMAC as a basis
of comparison between FP sources. The comparisons
binned to clusters are shown graphically in Figure 3 and
details are recorded in Table 3. The value of the Hubble
parameter indicated in the case of SMAC comes from
the SBF linkage and the values of the Hubble parameter
indicated in the cases of EFAR and ENEAR come from
shifts from the EFAR and ENEAR nominal zero points
resulting from the least squares fits to the overlaps with
SMAC. Each of the individual correlations is consistent
with a slope of unity.
4The comparisons in Figure 3 are averaged measures
over multiple galaxies in clusters, mostly from the revised
Abell catalog (Abell et al. 1989). Similarly with SFI++,
our interest in this paper is with averaged measures
within clusters. Within this latter data set, we accept
the ‘In’ memberships identified by the SFI++ collabora-
tion (Masters et al. 2006; Springob et al. 2007). We then
seek to minimize the zero point differences in the three-
way overlap of distances to clusters in the Cosmicflows-
2 calibration paper (CF2) of Tully & Courtois (2012),
the SFI++ clusters, and clusters in the composite of the
three Fundamental Plane sources (FP).
With each comparison of distances, it was first con-
firmed that an unrestricted slope is statistically compat-
ible with a slope of unity. Then, with a slope of unity
assumed, zero point offsets were determined between the
pairwise combinations of the triad CF2, SFI++, and FP.
Results are recorded in Table 3. The final zero point
is set by CF2. Operationally, we first merged CF2 and
SFI++ because these two are based on the same method-
ology and the rms scatter and standard deviation are the
smallest of the pairwise comparisons. Then we took the
average of the shifts necessary to bring FP into separate
agreement with CF2 directly (shift: 0.145 mag) and to
SFI++ then to CF2 (shifts: 0.077+0.045=0.122 mag).
The difference of 0.023 translates to 1% in distance. We
take the straight average of the two shifts to bring FP
to the CF2 scale because the standard deviations of the
two routes are essentially equal: the smaller dispersion
in the case of direct to CF2 is offset by the larger com-
parison sample in the case of passage by SFI++. The
three-way comparisons are shown in Figure 4 set to our
Fig. 3.— Inter-comparison of three sources of distance measure-
ments with the Fundamental Plane technique for samples drawn
from clusters. SMAC distance moduli with a zero point nominally
consistent with H0 = 72.6 km s−1 Mpc−1 provide a reference on
the horizontal axis. On the vertical axis, ENEAR comparisons are
shown by filled blue symbols and EFAR comparisons are shown by
open red symbols. Best fits required shifts from published moduli
to nominal values of H0 = 70.2 for ENEAR and H0 = 75.2 for
EFAR.
TABLE 3
Source Intercomparisons
Sources # RMS Offset St.Dv.
ENEAR−SMAC 19 0.22 0.026 0.051
EFAR−SMAC 11 0.31 −0.051 0.094
SFI−CF2 13 0.14 0.045 0.039
FP−SFI 32 0.25 0.077 0.043
FP−CF2 11 0.14 0.145 0.043
Note. — µ1st − µ2nd = offset
Fig. 4.— Three way comparison between CF2, SF++, and FP
sources of distances to clusters. The green open circles compare
CF2 on the horizontal axis with FP on the vertical axis. The blue
filled circles compare SFI++ (horizontal) and CF2 (vertical). The
red filled squares compare SFI++ (horizontal) and FP (vertical).
Zero points are set to the scale established by CF2.
final preferred zero point scale.
The revised SFI++ and FP scales are small depar-
tures from values advocated by the relevant authors.
In the case of SFI++, the published zero point (Mas-
ters et al. 2006) is based on 16 calibrators in common
with our 36. There is a 1% difference in the calibra-
tion because SFI++ includes metallicity corrections to
the Cepheid magnitudes (Sakai et al. 2004). Exclud-
ing that minor correction to enable a direct compari-
son, then the value of H0 that SFI++ favors is 75. The
adjustment to the CF2 scale would increase this value
to 76 km s−1 Mpc−1. In the case of the FP samples,
only SMAC tried to provide a zero point calibrated scale
which is why we transfered all FP values to agree with
that source. The calibration in that case was from an
overlap with SBF targets that was tied back to the HST
Key Project Cepheid scale. The value of H0 preferred
by that source is 72.6. The value transferred to the CF2
scale is 77 km s−1 Mpc−1. The tentative value for H0
derived in the CF2 calibration paper (Tully & Courtois
2012) is 75 km s−1 Mpc−1.
5The SFI++ and three FP samples applied to clusters
provides increased reliability in the comparison we will
make with SNIa distance scale but for the most part
these samples, restricted as they are to clusters, make
contributions only beyond ∼ 3000 km s−1. More nearby,
we can take advantage of a knowledge of the composition
of groups, using an updated version of an early catalog
(Tully 1987), to permit an averaging over multiple mea-
sures and to permit comparisons if the SNIa host has no
alternative distance estimate but resides in a group with
a measure. We accumulate the various distance determi-
nations for clusters beyond 3000 km s−1 in Table 4 and
for groups within 3000 km s−1 in Table 5.
A remaining and very important source of comparison
is with the direct SNIa − Cepheid linkage established by
Riess et al. (2011). We accept their zero point based on
the average of the maser distance to NGC 4258 (Her-
rnstein et al. 1999) and anchors based alternatively on
Large Magellanic Cloud or Galactic Cepheids. The Riess
et al. sample is small, only 8 galaxies, but the measures
are high quality.
In Figure 5 we show a comparison between distance
moduli by alternative methods transformed to the CF2
scale and by SNIa on the UNION2 scale. There is com-
plexity to the fit because of the heterogeneous nature of
the input. We use weights w = 1/ǫ2 where ǫ are errors as-
signed by the following rules. Individual SNIa, Cepheid,
and HST SBF measures are given errors ǫ = 0.2 in dis-
tance modulus, ground based SBF measures are given er-
rors ǫ = 0.3, while TF and FP measures are given errors
ǫ = 0.4. No cluster or group is given a cumulative error
less than ǫ = 0.1 from a single method. The final fit in-
volves 36 clusters at velocities greater than 3000 km s−1,
25 groups within 3000 km s−1, 36 individual galaxies that
hosted SNIa with TF measures, and 8 individual galax-
ies that have hosted SNIa with Cepheid measures. The
offset between the SNIa and ‘other’ distance moduli is
0.557 with a scatter ǫ¯ = 1/
√
w¯ = 0.41 mag. This offset
would shift the nominal SNIa scale from H0 = 100 to
H0 = 77 km s
−1 Mpc−1. However the nominal UNION2
SNIa zero point requires attention. The scatter in the
top panel conforms to expectations implicit in the scat-
ter in the lower panels. The standard deviation with 69
‘good’ measures is 0.05 mag.
5. THE SNIA SCALE AND H0
The zero point linkage to the SNIa distance scale pro-
vides the opportunity to obtain a measure for H0 in a ‘fair
sample’ domain, beyond the range of significant velocity
perturbations. In the previous section we established a
bridge to the sample of SNIa with z < 0.1 discussed in
Section 2. This sample is referenced to the UNION2 scale
but includes contributions from four additional sources.
Figure 6 illustrates a variation of the Hubble diagram for
this SNIa sample. The Hubble parameter is defined by
the equation
H0 =
cz
d
{1 + 1
2
[1− q0]z − 1
6
[1− q0 − 3q20 + j0]z2} (1)
where d and z are distance and redshift, we assume the
jerk parameter j0 = 1 and the acceleration parameter
q0 =
1
2 (Ωm − 2ΩΛ) = −0.595. The zero point is re-
vised in accordance with the fit to alternative distance
measures shown in Fig. 5. The choice of cosmological
Fig. 5.— Top: Comparison between SNIa distances and other
measures after group binning. Open circles: clusters beyond
∼ 3000 km s−1 with distances averaged over the sources CF2,
SFI++, and FP. Open squares: groups within ∼ 3000 km s−1
with distances averaged over Cepheid, SBF, TF, and FP measures
where available. Small filled circles: individual measures drawn
from Fig. 2 if group averaging is not possible. Red stars: the 8
Riess et al. Cepheid calibrators. Bottom: Hubble parameter (ve-
locity/distance) for the group binned samples. SNIa distances are
used in the upper panel and group or ‘other’ distances are used in
the lower panel. The horizontal lines illustrate values of the Hub-
ble parameter averaged over cases with VCMB > 4000 km s
−1 of
100 and 77 km s−1 Mpc−1 respectively.
6Fig. 6.— Hubble parameter as a function of redshift for 311
SNIa in a merged catalog from 5 sources. Solid line: best fit to 118
cases with 0.03 < z < 0.09 assuming a cosmological model with
Ωm = 0.27, ΩΛ = 0.73 and H0 = 76.6.
model is not important for this relatively local sample.
The effect of using an alternate model on the preferred
value of H0 is at the level of 1%. The fit to all 311
cases in Fig. 6 gives H0 = 75.2. The best fit over the
range 0.03 < z < 0.09 illustrated by the flat line requires
H0 = 76.6 ± 0.5 km s−1 Mpc−1. The uncertainty is the
standard deviation of the fit. The rms scatter in 118
cases is ±6.9 km s−1 Mpc−1 (with 3σ culling of 1 object)
corresponding to 9% in distance at a given velocity.
We turn attention now to the full UNION2 sample of
SNIa and to a best fit for the Hubble Constant over the
wide range of redshifts covered by that sample. Fig-
ure 1 shows the preferred fit of a cosmological model by
the UNION2 collaboration (Amanullah et al. 2010) in a
Hubble diagram with distances on a relative scale. We
show the same UNION2 data again in Figure 7 except we
replace distance on the ordinate with the Hubble param-
eter calculated in accordance with Eq. 1. This display
expands the view of the dispersion around the model fit
and the binned data gives clearer insight into systematic
deviations. It is seen that the binned data lies slightly be-
low the nominal model value of H0 = 100 km s
−1 Mpc−1
at most redshifts.
The discussion that lead to Figure 6 provides a robust
zero point link to the UNION2 sample. The shift to this
zero point (-0.111 in the logarithm of the Hubble pa-
rameter in accordance with the relationship µUNION2 =
µCF2 − 0.557) results in the plot shown in Figure 8.
A least squares fit to log H0 over the full redshift range
z > 0.01 (629 cases after 3σ clip) gives the result H0 =
75.9 km s−1 Mpc−1. There is a hint that there is a drop
in the Hubble parameter at H0 ∼ 0.08. The best fit over
the range 0.03 < z < 0.08 (97 cases after 3σ clip) gives
H0 = 76.6 while the best fit over the range 0.08 < z < 0.5
(256 cases, 3σ clip) gives H0 = 75.7. These fits exclude
Fig. 7.— Hubble parameter as a function of redshift for the full
UNION2 sample. Distances in the UNION2 catalog are fit with
a cosmological model with Ωm = 0.27 and ΩΛ = 0.73 and are
nominally on a scale with H0 = 100 km s−1 Mpc−1. The heavy
circles with error bars are averaged values of the Hubble parameter
in 0.1 bins in log z (excluding Hubble parameter values deviating
more than a factor 2 from 100). The averaged values tend to lie
slightly below the line at H0 = 100.
Fig. 8.— Hubble parameter as a function of redshift for the
full Union2 sample with zero point shifted to the CF2 scale in
accordance with the fit to the 5 source sample of SNIa shown in
Fig. 6. Over the range 0.03 < z < 0.5 the UNION2 sample is fit
by H0 = 75.9 km s−1 Mpc−1.
7z < 0.03 where peculiar velocities might be important
and z > 0.5 where cosmological corrections and errors
are important. The difference in H0 between the nearer
and farther range is 0.9 ± 0.7, not a significant effect.
We checked for a possible dip in the Hubble parameter
near 0.08 < z < 0.1 in two independent compilations. In
the case of the Carnegie Supernova Project compilation
(Freedman et al. 2009; Folatelli et al. 2010) there is a
step downward at z ∼ 0.1 of ∆H0 = 2.4 ± 1.4, again
not statistically significant but consistent with UNION2.
However in the Hicken et al. (2009) SALT2 compilation
there is essentially no difference in H0 between low and
high redshift cuts. We conclude that the best fit with
the UNION2 compilation is obtained by averaging over
the range 0.03 < z < 0.5, with 347 cases (3σ clip) giving
H0 = 75.9 ± 0.3 (standard deviation of the mean) with
rms scatter ±6.6 km s−1 Mpc−1.
6. DISCUSSION AND SUMMARY
The value of H0 derived from our calibration is some-
what higher than most recent literature values although
within the range of reasonable uncertainties as we will
review. For example Riess et al. (2011) consider three al-
ternative zero point calibrations for the Cepheid Period-
Luminosity relation which they link to the SNIa scale and
arrive at the preference H0 = 73.8 ± 2.4 km s−1 Mpc−1
(random + systematic). Alternatively, Masters et al.
(2006) used a methodology with SFI++ and a calibration
based on Cepheid distances with strong parallels with the
present work and found H0 = 74± 2 (random) ±6 (sys-
tematic). In a review, Freedman & Madore (2010) advo-
cate H0 = 73 ± 2 (random) ±4 (systematic). A 7 year
WMAP analysis (Komatsu et al. 2011) prefers, but does
not directly measure, H0 = 71.0± 2.5 km s−1 Mpc−1.
It is not new that we find a slightly higher value
for H0. In our recent re-calibration of the TF rela-
tion (Tully & Courtois 2012) we tentatively found H0 =
75 km s−1 Mpc−1 from distances to 13 clusters, slightly
lower than the value found from a calibration a decade
earlier (Tully & Pierce 2000) of H0 = 77 km s
−1 Mpc−1,
mostly, because of a small Malmquist (selection) bias cor-
rection now being applied and, slightly, because of the
availability of more zero point calibrators. Freedman &
Madore (2010), Riess et al. (2011), and Freedman et al.
(2011) have extensive discussions of errors. They argue
that uncertainties are presently at the level of 3% and
that 2% is within reach. Perhaps so, but we think that
there are concerns that are not included in their error
budgets. For one, the scatter in Figure 2 is disconcert-
ingly above the expectation of 0.45 if SNIa measure dis-
tances with a characteristic uncertainty of 10%. In Fig-
ure 5, the scatter in the zero point between the separate
group or Cepheid based components is 4%. This number
provides an estimate of systematics.
Our other concern is with the possible influence of pe-
culiar velocities. Riess et al. (2011) consider the uncer-
tainty here is 0.5%. Freedman et al. (2011) do not budget
this effect. It is possible the tentative dip in the Hubble
parameter at z ∼ 0.08 is a manifestation of very large
scale flows. Flows on the scale of 20,000 km s−1 have
been reported by Colin et al. (2011) and Turnbull et al.
(2011) based on analyses of two of the SNIa samples used
here (Amanullah et al. 2010; Hicken et al. 2009). We par-
tially discount the effect of any such flow by extending
to z = 0.5 with our fit for H0 so a systematic should be
1% or less over such a great range.
If otherwise we accept the error budget given by Riess
et al. (2011) amounting to 3% then our total estimated
error including systematics amounts to 5%. We conclude
with our best estimate for the Hubble Constant of H0 =
75.9± 3.8 km s−1 Mpc−1.
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9TABLE 2
Distances to Galaxies that have Hosted SNIa
PGC Name SNIa VCMB Incl. Wmx W
i
mx I
bik
T
Mbik
I
µTF So. SN µSN
250 UGC00014 2006sr 6916 56 331 398 12.01 -22.27 34.33 u h 34.34
415 UGC00040 2003it 7198 55 372 451 12.42 -22.75 35.26 u h 34.44
963 UGC00139 1998dk 3614 67 287 311 12.51 -21.33 33.88 upj 32.75
1288 PGC001288 1999cw 3370 66 282 308 12.54 -21.29 33.86 pj 32.53
3773 UGC00646 1998ef 5011 71 367 389 11.76 -22.18 33.99 upjh 33.25
4915 NGC0477 2002jy 5600 61 322 369 11.76 -21.98 33.78 u h 34.31
5341 PGC005341 1998dm 1663 90 236 236 11.54 -20.27 31.81 u j 32.24
6624 NGC0673 1996bo 4898 45 315 445 11.25 -22.69 33.99 upj 33.23
9560 NGC0958 2005A 5501 74 561 584 10.30 -23.74 34.09 f 33.82
9618 UGC01993 1999gp 7812 85 483 485 11.84 -23.03 34.94 upjh 34.63
10448 IC1844 1995ak 6588 72 294 309 11.87 -21.30 33.20 upjh 33.87
11606 ESO300-009 1992bc 5918 73 309 323 13.55 -21.47 35.10 upjh 33.91
13727 NGC1448 2001el 1092 90 386 386 8.94 -22.15 31.10 j 30.61
17509 UGC03329 1999ek 5277 67 484 525 10.50 -23.33 33.87 upjh 33.53
18089 UGC03375 2001gc 5792 66 490 535 10.63 -23.40 34.07 u 33.48
18373 PGC018373 2003kf 2295 90 234 234 11.55 -20.24 31.79 u 31.85
18747 UGC03432 1996bv 5015 80 285 289 12.92 -21.05 34.01 upjh 33.32
19788 UGC03576 1998ec 6013 65 356 393 12.00 -22.22 34.27 upj 34.07
20513 UGC03770 2000fa 6525 58 314 371 12.54 -22.00 34.61 upjh 34.21
21020 UGC03845 1997do 3136 49 195 257 12.32 -20.60 32.94 upjh 32.67
26512 NGC2841 1999by 804 66 592 650 7.52 -24.14 31.67 j 30.23
28357 NGC3021 1995al 1797 57 254 303 10.92 -21.23 32.15 u j 31.73
31428 NGC3294 1992G 1831 64 386 431 9.81 -22.58 32.40 j 31.65
32192 NGC3368 1998bu 1231 50 328 428 7.88 -22.55 30.43 j 29.35
32207 NGC3370 1994ae 1609 58 264 312 10.85 -21.34 32.19 u j 31.58
34695 NGC3627 1989b 1061 60 333 385 7.38 -22.14 29.53 j 29.11
35006 NGC3663 2006ax 5396 45 314 443 11.26 -22.68 33.99 u hf 33.67
35088 NGC3672 2007bm 2223 71 377 399 9.67 -22.28 31.95 u 31.62
36832 NGC3891 2006or 6573 44 391 561 11.39 -23.58 35.05 u h 34.25
41517 NGC4501 1999cl 2601 63 507 570 7.86 -23.64 31.51 u j 30.35
41789 NGC4527 1991T 2072 77 352 362 8.70 -21.90 30.60 j 29.84
41823 NGC4536 1981B 2144 71 322 341 9.03 -21.68 30.71 j 30.18
42741 NGC4639 1990N 1308 55 274 336 10.18 -21.62 31.80 j 31.07
43118 NGC4680 1997bp 2824 52 186 237 11.29 -20.29 31.58 upj 31.97
43170 NGC4679 2001cz 4935 69 399 427 10.87 -22.54 33.43 upjh 33.33
45749 NGC5005 1996ai 1178 63 535 601 8.07 -23.85 31.92 u j 30.96
46574 ESO576-040 1997br 2385 85 169 170 12.44 -19.01 31.45 j 31.32
47422 NGC5185 2006br 7656 76 587 605 11.49 -23.87 35.46 u 34.95
47514 PGC047514 2007ca 4517 86 284 285 12.62 -20.99 33.64 u h 33.78
50042 NGC5440 1998D 3890 64 610 677 10.30 -24.30 34.67 pj 33.06
51344 NGC5584 2007af 1890 44 186 267 10.62 -20.74 31.36 u 31.31
51549 IC4423 2001ay 9271 61 413 470 13.02 -22.91 36.06 u j 35.09
56537 IC1151 1991M 2274 69 226 242 11.76 -20.36 32.13 j 32.58
57205 NGC6063 1999ac 2950 59 265 308 11.84 -21.30 33.16 upj 32.41
59769 UGC10738 2001cp 6726 90 585 585 11.60 -23.74 35.44 u h 34.23
59782 UGC10743 2002er 2574 79 202 206 11.84 -19.74 31.58 j 32.10
64600 NGC6916 2002cd 2932 52 340 434 10.52 -22.60 33.14 u 32.67
65375 NGC6962 2002ha 3936 48 474 633 10.18 -24.05 34.28 u h 33.10
66579 UGC11723 2006cm 4585 90 426 426 11.93 -22.53 34.52 u 33.93
68455 IC5179 1999ee 3158 63 395 444 10.38 -22.69 33.09 pjh 32.59
69428 UGC12133 1998eg 7068 90 443 443 12.38 -22.68 35.14 upjh 34.42
69453 NGC7329 2006bh 3143 53 369 461 10.40 -22.83 33.26 f 32.61
70213 NGC7448 1997dt 1838 63 281 316 10.41 -21.39 31.79 u j 32.49
71166 UGC12538 2006b 4583 72 278 292 12.70 -21.08 33.82 u 33.44
71534 NGC7678 2002dp 3143 45 288 407 10.10 -22.35 32.46 u h 32.68
72775 NGC7780 2001da 4853 61 381 437 12.16 -22.63 34.86 u h 33.44
Note. — (1) Principal Galaxies Catalog number. (2) Common name. (3) Supernova designation. (4) Velocity of host galaxy in
CMB frame (km s−1). (5) Host galaxy inclination (degrees from face-on). (6) Line width parameter (km s−1). (7) Line width parameter
projected to edge-on orientation (km s−1). (8) I band magnitude adjusted for Galactic and internal absorption and k correction (mag). (9)
Absolute I magnitude from line width and TF relation (mag). (10) Distance modulus from TF relation (mag). (11) Sources contributing
to SNIa modulus: u=Amanullah et al. (2010), p=Prieto et al. (2006), j=Jha et al. (2007), h=Hicken et al. (2009), f=Folatelli et al. (2010),
(12) Distance modulus from SNIa light curve, Union2 scale (mag).
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TABLE 4
Clusters Beyond 3000 km s−1
Cluster # µother Err EF EN SM SFI CF2 # µSN Err SNIa Names
Cen45 2 33.27 0.13 8 6 1 33.33 0.20 2001cz
J4 1 35.14 0.20 2 1 35.65 0.20 1999ef
A85 1 37.37 0.20 4 1 35.88 0.20 2003ic
Pisces 7 34.00 0.05 7 39 46 50 58 5 33.44 0.09 1998ef,1999ej,2000dk,2001en,2006td
A194 2 34.16 0.08 15 16 23 1 33.59 0.20 1993ae
J7 1 35.76 0.20 4 2 34.95 0.14 1999gp,2002hu
A397 2 35.41 0.09 7 14 1 34.90 0.20 2006os
Perseus 2 34.02 0.11 26 28 6 1 33.65 0.20 2008L
J28 1 34.77 0.20 3 1 34.84 0.20 2005eq
P597-1 1 34.19 0.20 3 1 32.95 0.20 2001ep
A569 2 34.52 0.10 13 13 2 33.81 0.14 2000B,2007au
Cancer 2 34.04 0.07 17 11 1 33.49 0.20 1999aa
A999 1 35.51 0.20 5 1 35.13 0.20 2004L
A1367 3 34.80 0.07 6 8 32 19 1 33.75 0.20 2007ci
Coma 3 34.83 0.06 19 80 56 34 23 2 34.56 0.14 2006cg,2007bz
J11 1 35.30 0.20 4 1 34.47 0.20 2007F
A1736 2 35.67 0.11 4 10 3 34.72 0.12 1991U,1992ag,2007cg
A3558 2 36.06 0.12 28 8 1 36.13 0.20 1993O
A1983 1 36.62 0.20 5 1 35.03 0.20 2008af
P445-2 1 33.77 0.20 2 1 33.64 0.20 2007ap
J20 1 35.61 0.20 2 1 34.78 0.20 2002de
PavoII 2 33.71 0.10 12 9 8 1 33.20 0.20 2001cn
A2634 3 35.39 0.07 10 12 32 18 13 1 35.17 0.20 1997dg
A2666 2 34.99 0.11 2 9 1 34.40 0.20 2007qe
A4038 2 35.37 0.10 18 18 7 1 34.65 0.20 1993ah
Note. — Column (1) Cluster name, (2) No. of measures: FP+SFI+CF2 (Pisces is a special case because we consider the Pisces
filament as a single unit whereas others break it into pieces - see discussion by Tully & Courtois 2012), (3) averaged FP+SFI+CF2 distance
modulus, (4) assigned uncertainty, (5) No. EFAR galaxies, (6) No. ENEAR galaxies, (7) No. SMAC galaxies, (8) No. SFI++ galaxies,
(9) No. CF2 galaxies, (10) No. of SNIa associated with cluster (Pisces is special case) , (11) averaged SNIa modulus, Union2 scale, (12)
assigned error, (13) SNIa names.
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TABLE 5
Groups Within 3000 km s−1
ID NBG # µSN Err # µSBF # µCeph # µRGB # µTF µav Err SNIa ID
1 11 -1 4 30.27 0.10 77 31.09 4 30.98 26 31.02 31.08 0.06 1990N, 1991bg, 1994D, 1999cl 2006X
4 11 -4 2 30.01 0.14 1 31.08 2 30.88 4 30.86 30.90 0.10 1981B, 1991T
51 11-22 2 31.37 0.14 2 31.94 31.94 0.28 1996X, 1997br
65 11-27 1 31.97 0.20 5 32.15 32.15 0.18 1997bp
93 11 -0 1 32.08 0.20 3 32.57 32.57 0.23 2002dj
240 14-15 1 26.53 0.20 1 27.77 27.77 0.20 1986G
240 14-15 1 26.90 0.20 1 27.66 27.66 0.20 1972E
266 15 -1 1 29.35 0.20 6 30.24 2 30.06 1 30.26 1 30.38 30.21 0.07 1998bu
267 15 -2 1 29.11 0.20 1 30.01 2 30.01 30.01 0.16 1989B
293 15+10 1 30.23 0.20 1 30.74 1 31.67 30.93 0.18 1999by
361 21 -3 1 31.58 0.20 1 31.58 1 32.13 1 32.19 31.98 0.15 1994ae
368 21 -6 1 31.15 0.20 2 32.27 2 31.90 32.20 0.13 2002bo
372 21-10 1 31.25 0.20 1 31.76 1 33.08 32.03 0.18 2003cg
378 21-12 1 31.73 0.20 1 32.27 4 31.74 32.00 0.14 1995al
404 21 -0 1 31.65 0.20 1 32.38 32.38 0.40 1992G
409 22 -1 1 30.93 0.20 1 31.68 1 31.66 5 31.78 31.71 0.12 2007sr
422 22 -7 1 31.62 0.20 1 31.96 31.96 0.40 2007bm
441 23 -1 1 33.33 0.20 6 32.53 1 32.60 11 32.91 32.65 0.06 2001cz
520 31-12 2 31.88 0.14 1 32.18 32.18 0.40 1996Z, 1999gh
555 31 -0 1 31.88 0.20 1 32.58 32.58 0.40 1995D
627 34 +6 1 31.85 0.20 1 31.78 31.78 0.40 2003kf
671 41 +2 1 31.31 0.20 1 31.72 1 31.36 31.65 0.18 2007af
739 42 -7 1 32.26 0.20 1 32.29 1 32.60 32.36 0.18 2003du
742 42 -8 1 31.52 0.20 1 32.54 2 32.65 32.59 0.16 1996bk
797 43 -1 1 30.59 0.20 5 31.35 31.35 0.18 1996ai
843 51 -1 2 30.70 0.14 42 31.51 2 31.16 15 31.20 31.47 0.06 1980N, 1992A
867 51-12 1 31.80 0.20 1 32.59 1 31.98 32.48 0.18 2002fk
895 52 -7 1 32.24 0.20 3 31.86 2 32.07 31.89 0.11 1998dm
950 53 -7 1 30.61 0.20 2 31.34 9 31.14 31.23 0.10 2001el
1167 64 -1 1 32.14 0.20 1 31.89 3 32.05 31.96 0.15 1997dt
1179 64 -9 1 31.94 0.20 1 32.58 32.58 0.40 1998dh
1232 71 -3 1 32.58 0.20 1 32.12 32.12 0.40 1991M
1249 71 -0 1 32.41 0.20 1 33.15 33.15 0.40 1999ac
1319 70 -0 1 32.10 0.20 1 31.58 31.58 0.40 2002er
Note. — Column (1) Group ID used in EDDa, (2) Group ID in Nearby Galaxies Catalog (Tully 1988), (3) No. SNIa in group, (4)
average SNIa distance modulus on Union2 scale, (5) error= 0.2/
√
N , (6) No. SBF measures in group, (7) average SBF distance modulus,
(8) No. Cepheid measures in group, (9) average Cepheid distance modulus, (10) No. TRGB measures, (11) TRGB distance modulus, (12)
No. TF measures in group, (13) average TF distance modulus, (14) Weighted average of SBF, Cepheid, TRGB, and TF distance moduli,
(15) assigned error, (16) SNIa name.
ahttp://edd.ifa.hawaii.edu
